Such data for rangeland areas are especially lacking. The impact of grazing on chemicals in runoff is also needed for the preparation of Environ mental Impact Statements (EIS) on public lands.
Runoff from intense thunderstorms in the arid and semiarid rangelands of the southwestern United States has been studied extensively with special emphasis on sediment production. In formation published, however, on the chemical quality in such water has been minimal. Gregory and Ffolliott (1976) discussed runoff water quality from a forested range on sedimentary rock in northern Arizona. Urban runoff waters from rains, presumably similar to those at Tombstone, falling on parts of
Tucson (100 km northwest) were examined in detail (Dharmadhikari 1970; Mische 1971; and Popkin 1973) . The drainage basin above Charleston, 14 km upstream from the mouth of Walnut Gulch, has been partly moni tored for conductance since 1964 (U.S.
Geology Survey 1974).
To identify and control sources of nonpoint pollution control, we col lected surface runoff samples in 1974 at Walnut Gulch Experimental Water shed, near Tombstone, Ariz., to examine the water quality of a south eastern Arizona rangeland area with varying soils and vegetation under year-round grazing by cattle (chiefly Herefords). In this paper, we present information regarding ranges in con centration of various ions in runoff from select soils, vegetations, and land-use units. This data and the associated observations should be valuable to those concerned with nonpoint pollution control in the arid and semiarid regions associated with agri culture. (Osborn et al. 1977 probably different (Table 1 ).
Description of Experimental Areas
All series are formed on geologic material of old valley plains or alluvium, made of gravelly loamy materials. The Bernardino, the only soil series with a well developed neutral-to-slightly acid argillic horizon, has a Cca horizon within 0.5 m of the surface.
Methods of Runoff

Collection and Analysis
Water samples were collected from the three small watersheds using a Chickashatype sampler (Miller et al. 1969) , which collects samples throughout flow events with 3-to 10-min sampling intervals. At the outlet of Walnut Gulch (watershed No. 1), samples were usually collected by wading above the supercritical measuring flume with a US D-48 hand sampler. During high discharges, a US P-63 sampler was lowered from a cableway car to obtain depthintegrated samples throughout the flow. All samples were collected in glass or plastic bottles.
Sediment concentrations were deter mined by centrifuging, drying, and weigh ing the suspended sediment. The super natant liquid, removed from the water/ sediment aliquot, provided the source liquid for determining electrical conduc tivity (EC) with a standard Wheatstone bridge, pH electrometrically, and all other ionic constituents. The major cations were determined using an atomic absorption spectrophotometer. The HCO3 concen trations were obtained by electromatic titration to a pH 4.5 endpoint. The PO4-P in the supernatant was determined by the Murphy-Riley ascorbic acid method, while NOs-N was determined using the phenoldisulfonic method. Aliquots for the N determination were taken within 24 hours and dried, but P was determined after the runoff season ended. While exhaustive tests on P losses during storage have not been made, we felt this delaydid not affect observed P concentrations in these waters. by a factor of two, independent of flow discharge rates, sediment, and EC. These high early-season NO3 concen trations in the runoff water could have reflected the microbial activity in the soil, resulting in nitrification of organic materials made available during the preceding winter and spring. Another possible explanation is that all of the ingredients required for nitrification were available, but plant uptake is lower early in the runoff season.
Results
The seasonal values of phosphate in the runoff water (Figs. 3e and 4e) do not resemble those for NO3. Each area contributed a relatively constant amount of P per event with the disturbed watershed contributing con sistently higher amounts. The correla tion between sediment and P was better than that between sediment and NO3 or EC. Actually, a multifactor relation ship could exist: P concentrations were highest when flow rates were lowest and sediment concentrations were highest. Thus, the amount of P per event might tend to be a fixed amount, or at least a discontinuous function of flow volume. Given a threshold amount of runoff, a relatively fixed increment of P is dislodged from the soil surface. Figure 5 shows in detail the relation ships between EC and sediment con centration at three sites. From these relationships, a minimum discharge, or conditions that lead to a threshold, apparently gave sediment concentra excessive suspended sediment from the source areas. Additionally, most sur face runoff waters require chlorination to make them safe for recharge.
